This paper applies an overlapping generations model in order to evaluate the case for smoothing the fiscal costs associated with population ageing. The motivation is the establishment in Australia of the Future Fund which acts to smooth the tax burden over time.
Introduction
The purpose of this paper is to analyse the implications for intergenerational equity and social welfare of smoothing the fiscal costs of population ageing. This is done by simulating an overlapping generations CGE model, calibrated to the Australian economy, and using historical and projected demographic data along with projections of demographically sensitive government spending. The effects of tax smoothing on intergenerational equity are found by comparing the effects on lifetime utility of different generations; and the effects on social welfare are evaluated using a social welfare function.
The motivation for this exercise is the establishment in Australia of the Future Fund (FF). The FF was set up primarily to fully fund the Australian Government's superannuation liabilities, quoted at "around $91 billion" in the 2005-6 Budget papers. The Government plans to issue about $5billion of CGS each year by running budget surpluses. The surpluses will be deposited into the FF during the accumulation phase which is planned to occur up to at least 2020, after which funds can be withdrawn for the specific purpose of meeting the Federal Government's superannuation liabilities. The FF acts as a vehicle for pre-funding these expenses. This amounts to tax smoothing in the sense that current generations will bear a greater tax burden, and future generations a lower burden, than they would under continuously balanced budgets. Guest (2006) compared the projections of the ageing-related government spending in Productivity Commission (2005) with projections using a general equilibrium model that allowed for various behavioural feedback effects in response to changes in tax rates. One aim was to see whether the behavioural feedback effects would make much difference to the spending projections. The model gave higher spending projections than those in Productivity Commission (2005) by an amount stabilising at 1 percent of GDP. The present paper extends that study primarily by modelling intergenerational equity effects which requires an overlapping generations model, whereas the model in Guest (2006) was based on the behaviour of an infinitely lived household. The overlapping generations framework allows us to identify winners and losers from tax smoothing. The fact that some generations lose and some win as a result of tax smoothing implies the need for a social evaluation of tax smoothing. This is done using a social welfare function under a range of alternative value judgements regarding the choice of parameters.
There are other relevant studies. Cutler et al. (1990) , a seminal study in the macroeconomics of population ageing for the U.S., found trivially small gains from tax smoothing of the costs of ageing. Floden (2003) argued that the findings of Cutler et al (1990) apply to the U.S. only because tax rates there are relatively low. He found the efficiency gains to be non-trivial for a number of other OECD countries that have higher tax burdens. Both of these studies applied infinitely lived dynasty models and were therefore unable to say anything about intergenerational equity. Oksanen (2003) , in a study for the European Commission, was concerned with intergenerational fairness of tax smoothing in response to population ageing, but applied a simple partial equilibrium analysis rather than a multi-sector CGE model. Oksanen concluded in favour of partial smoothing on intergenerational equity grounds. Davis and Fabling (2002) estimated the efficiency gains of smoothing the costs of ageing in New Zealand. They found gains a little larger than those in Cutler but smaller than those in Floden. However, theirs was also a partial analysis based on a calibrated deadweight loss function. The innovation in the present study is that it uses an overlapping generations CGE model to explicitly trace out the effects of tax smoothing on each age cohort and determines the effect on social welfare.
The paper proceeds as follows. Section 2 focuses on the intergenerational equity effects of tax smoothing in simple terms using a diagrammatic approach. Section 3 describes the simulation model and Section 4 discusses the social welfare function including the role of social value judgements. The simulations and results are discussed in Section 5. Section 6 concludes the paper along with a brief discussion of limitations of the model for the purpose of a social evaluation of tax smoothing via the Future Fund.
Efficiency and equity effects of tax smoothing
The idea that governments should smooth the tax burden over time was first advanced by Barro (1979) . He showed that, in a deterministic setting, a constant tax rate over time would minimize the distortions to behaviour arising from taxation. In doing so he assumed that the distortions would increase more than proportionally to increases in the tax rate, which had already been established analytically by Harberger (1964) , cited in Browning (1987) . An important distortion, or deadweight loss, arises from the substitution of leisure for income in response to taxation on labour. Also, taxes on income from capital distort consumption between time periods, favouring consumption today relative to consumption tomorrow (Lucas, 1990) . A policy of tax smoothing would reduce the magnitude of these distortions and therefore lead to a more efficient allocation of resources.
Intergenerational equity: a simple illustrative model.
The basic intuition for the intergenerational welfare effects of tax smoothing can be illustrated using a simple stylised model. Assume single person households who live for four periods of equal duration. They attend full time education in the first period during which they receive no income, they work in the second and third periods, and are retired in the fourth period. At any time therefore four overlapping generations exist: retired, middle-aged worker, young worker, and future worker (currently in full time education). Assume a single tax rate applying to all income and that this tax rate is projected to rise over time, under a balanced budget policy, due to the fiscal pressure of population ageing. Now suppose that the government introduces an unanticipated policy to smooth the tax rate by switching from a balanced budget to a budget surplus for one period after which balanced budgets are resumed for all subsequent periods. In all of these subsequent periods government assets are higher than they would have been under balanced budgets which allows the tax rate to be lower.
Hence under tax smoothing the tax rate is higher for the initial period and lower for all subsequent periods.
In order to set up a simple two period framework, suppose that following the policy shock the remaining lifetimes of all generations are divided into two periods. The two periods are of equal length for a given generation but will be shorter for older generations because they have less remaining lifetime to divide up. Households must decide how to allocate consumption over these two remaining periods of their lives. This becomes a standard two period consumption allocation problem for each generation. Let W 1 be the level of wealth of each generation at the start of period 1 at which time the policy shock occurs; let Y i be income earned at the start of period i (i=1,2); let C i, be consumption during period i; let r be the constant interest rate, and let t i be the flat rate of tax on both labour income and capital income in period i. Finally, assume that the household has a target bequest of zero. Then the household's discounted budget constraint over its remaining lifetime, divided into two periods, is:
Consider Figure 1a , which depicts the choices facing the young worker in allocating consumption over the two periods of life remaining after the shock.
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The young worker will be working in the first of these periods when the tax rate is lower as a result of tax smoothing and working for part of the second period when the tax rate is higher. The horizontal axis in There are two sets of indifference curves, U, in Figure 1a representing different rates of time preference. U 1 and U 2 are implied by a low rate of time preference, and U 3 and U 4 by a high rate of time preference. The optimal intertemporal consumption choice is the point at which the indifference curve is tangential to the budget line. The young worker is more likely to be better off the lower their rate of time preference. Intuitively, with a low rate of time preference they are prepared to sacrifice current consumption when tax rates are high (in Figure 1a they move from C 1 [bal] to C 1 [sm] ) in order to transfer capital income to the future when tax rates are low (moving from C 2 [bal] to C 2 [sm] ). The result is an increase in utility from U 1 to U 2 . On the other hand, when the rate of time preference is high, such an intertemporal trade-off would be too costly in terms of lost utility in the present. In that case their optimal consumption choice implies lower utility (U 4 compared with U 3 ). Tax smoothing has less effect on lifetime utility for young workers than it does for middle-aged or future workers (discussed below) because young workers experience a higher tax rate for the early part of their working life but a lower tax rate later on. Figure 1b depicts the case for the middle-aged worker for whom the remaining two periods of life following the shock consist of a period of work (period 1) and a period of retirement (period 2). Under tax smoothing they pay a higher tax rate on their labour income in period 1 and a lower tax rate on their retirement income in period 2. Tax concessions for retirees ensure that they pay very little tax in retirement and therefore the change in their effective tax rate, t 2 , as a result of tax smoothing is very small. The result is that both intercepts are lower in Figure 1b and that middle aged households are unambiguously worseoff under tax smoothing irrespective of their rate of time preference.
The case for the retired person is illustrated in Figure 1c . The difference between these people and the middle-aged workers is that they are retired at the time of the tax smoothing shock and, it is assumed, will be dead by the time the lower tax rate arrives. Hence although they face higher tax rates for the rest of their lives, their income is low and therefore their remaining lifetime incomes are little affected. This is reflected by the closeness of the budget lines in Figure 1c .
Finally, Figure 1d represents the case for the future workers who have just commenced full time education at the time of the shock and are therefore paying no tax. They are unambiguously better off under tax smoothing because by the time they enter the workforce in the next period the tax rate is lower than it would have been under balanced budgets. They therefore enjoy lower tax rates for the entire income-earning period of their lives, implying a budget line with steeper slope and shifted to the right.
This illustrative model provides the basic intuition for the intergenerational effects of tax smoothing. The CGE model, discussed and applied below, allows for more complexity and key behavioural feedback effects (such as the effect of the tax rate on labour supply); it also facilitates a social welfare evaluation of tax smoothing.
Before moving on to the simulation model a brief comment on the taxation of capital income is warranted. Tax smoothing implies changes to taxes on capital income that will have efficiency and equity effects that are somewhat more complicated than those applying to taxes on labour income. In an intertemporal setting, Chamley (1986) shows that the long run optimal tax on capital is the outcome of a trade off between conflicting objectives. Because capital is fixed in the short run, the principal that taxes on fixed factors do not distort behaviour requires a positive optimal tax rate on capital. However, in the long run a positive tax rate on capital income distorts consumption between time periods. In order to avoid these complications it is sometimes assumed, in intertemporal welfare analyses of taxation, that the tax on capital income is zero (for example, Davis and Fabling, 2002) . Here however, we are not concerned with optimal taxation and we simply assume that the tax rate on capital income is the same as the tax rate on labour income. Firms pay the pre-tax cost of capital but households receive the after-tax return on capital, which creates a wedge consisting of foregone net gains from employing capital. firms, households, government and an overseas sector.
Firms
A representative firm produces output of a single good according to a Cobb-Douglas production function. Output, Y, in period j is given by
where A is a constant exogenous technology parameter,
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K j is the capital stock, and L j is aggregate labour consisting of the sum of the labour of all generations:
is the labour of generation i working in year j.
5 An open economy framework potentially complicates this analysis because the supply of savings can come from foreign households. But in fact this doesn't change the analysis much because in Australia, as in most countries, non-residents are liable for Australian tax on all assessable income earned in Australia. This includes income from capital in the form of interest, dividend and royalty income. The amount of tax payable depends on whether the recipient is a resident of a country that has a tax treaty with Australia. In the simulation model applied here it is implicitly assumed that foreign and domestic lenders are subject to the same rate of tax. 6 The technology parameter is constant, implying zero technical progress. The reason, as also given in Kulish et al. (2006) , is that the leisure to consumption ratio would eventually decline to zero with continual productivityinduced rises in real wages. See Auerbach and Kotlikoff (1987) for a further discussion. It would be possible to specify a non-standard utility function that could deal with this problem in the presence of technical progress, but this is not pursued here.
The optimal capital stock, K j , is determined by the first order condition that the marginal product of capital (net of depreciation, ) is equal to the cost of capital, r j , which is constant by assumption.
That is,
And investment, I j , is given by
Competitive firms equate the price of labour, w j , to the marginal product of labour:
The wage of each worker is given by
where w i,j is the wage of a worker of age i in year j,  i is a weight equal to the wage for age i divided by the average of wages for all age groups which are given by data (see Section 5).
The interest rate is a function of the level of foreign liabilities as a share of GDP, (7), in order to reflect extensive evidence that capital is not perfectly mobile internationally even for small open economies. For a discussion of the various explanations see Gordon and Bovenberg (1996) .
Households
Each household consists of one person who dies at age 90 with certainty. A period of time is five years duration and a new generation of households is born each period, implying that households live for h=18 periods and that there are there are h overlapping generations of households alive at any time. The households supply labour between the age of 15 and 70;
hence there are eleven generations of workers. Households pay the same single tax rate on income from both capital and labour. Future values of the demographic variables and the parameters are known with certainty, except for the tax smoothing shock which comes as a surprise at which time households must adjust their plans accordingly.
Households derive utility from consuming a composite index of private goods, C, and leisure, S. Households also derive utility from consuming public goods, G C , which is exogenous and separable from both private consumption and leisure in generating utility, following the approach in Foertsch (2004) . Therefore G C does not affect the household's choice of private consumption or leisure and can therefore be ignored in solving the household's optimisation problem. The assumption of separability between public and private consumption is quite common, as noted in Foertsch (2004) , because of lack of evidence about the substitutability between private and government consumption.
The composite index of consumption and leisure is
where C i,j and S i,j are the goods consumption and leisure, respectively, of generation i in period j. The preference for consumption relative to leisure, captured by the parameter  i , is assumed to vary over the lifecycle. In particular it is assumed to rise up to middle age and then fall. Hence  i follows a hump-shape which is given by the quadratic:
The hump-shape pattern on  i generates a hump-shape path of consumption relative to leisure over the life cycle. This pattern is designed to reflect the observed life cycle pattern of consumption which tends to track the hump-shaped pattern of income to some degree, rising during the household's working life and falling after retirement (see, for example, Deaton, 1999) .
Households maximise the following intertemporal utility function:
with respect to C i,j and S i,j after substituting for П i,j , and subject to a lifetime budget constraint:
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where the right hand side is the present value of lifetime income. The latter includes transfer payments 7 , G T i,j , and inheritance, Q, which is received when the household is aged h-6=60 less a target bequest, A ; 8 t j is the tax rate in year j applying to income from both labour and financial assets; and
 is the after-tax wage, and therefore relative price of leisure, facing a household of age i in year j.
The first order condition for the solution of the household's intertemporal optimisation problem yields the Euler equation for the evolution of the consumption index over the lifecycle:
The solution to the household's intratemporal optimisation problem yields the following relation between consumption of goods and leisure as a function of the relative price of leisure:
Define total expenditure at each age as
Rearranging this and substituting into (13) yields
and
7 For simplicity, total transfer payments paid by the government in a given year are allocated evenly across all households alive in that year, rather than being allocated to certain generations. Hence , 
Substituting (17) into Z i,j =P i,j П i,j and then substituting the resulting expression for Z i,j
into (15) and (16) Figure 2 shows household labour income (after tax) and consumption over the lifecycle. The slight hump in the consumption path is due to the assumed path of  t discussed above.
The balance of financial assets at age i in year j is given by 
Note that the wage of a worker, w i,j , is multiplied by (L/N) i,j to reflect the fact that there are L i,j workers but N i,j households of age i in year j. and repeat the algorithm iteratively until the target bequest is met within a degree of tolerance.
The labour supply of households aged i in year j, L i,j , is given by ,
where , i j L is the exogenously given size of the labour force of age i in year j and e i,j is work intensity 9 The target bequest is set exogenously as a proportion of the household's lifetime income. In the base case this proportion is 10 percent. . The notion of work intensity here follows that in Barro and Sala-iMartin (1995, p.322) where no distinction is drawn between an increase in , i j e that reflects a rise in effort from one that reflects a rise in hours worked. Both amount to an increase in labour supply. Our model implies, for example, that a 1 percent increase in demand for leisure gives rise to a 1 percent decline in labour supply in terms of either effort or hours worked.
The total resources available to the household from which to provide work effort are therefore normalised to , , 1
The labour market clearing condition is
where L j is labour demand and the right hand side is the labour supply of households. The labour and capital market clear simultaneously in each period, given the optimal capitallabour ratio determined by (3), by a process that can be outlined as follows. The optimal capital-labour ratio determines the marginal product of labour and therefore the real wage according to (5). Given the real wage, employment is determined by the labour supply of households. The demand for capital is determined by the interest rate (negatively) and the employment level (positively). The supply of capital from both households and overseas is a positive function of the interest rate as implied by (12) and (7) respectively. Any disequilibrium in the labour or capital market is instantaneously eliminated by shifts in demand for labour and capital for any given real wage and interest rate.
The standard national accounting identity gives the evolution of foreign liabilities:
Government
Government spending, G j , is an exogenously given share of GDP. It is set equal to 0. The government faces the following dynamic budget constraint:
where gov j D is government debt (net) and j T is total taxes.
Social value judgements
A social evaluation of tax smoothing requires value judgements which can be made explicit by defining a social welfare function. It is assumed that the social judge evaluates only the aggregate consumption of society in the present and the future. This implies that there is no regard for past consumption of generations still alive.
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Also, by considering only aggregate consumption the social evaluation does not explicitly account for the lifetime utility of particular generations.
The social welfare function applied here is
where , 1
 is the aggregate value of the consumption index of all households alive in period j; j=1 in 2005; H is an arbitrarily long time in the future; and V is discounted social welfare which we will simply call social welfare.
Although the social evaluation in (25) is concerned only with aggregate consumption, it accounts for intergenerational equity indirectly through the parameters that weight future consumption. These parameters are  s and  s which are analogous in their role to the parameters  and  in the household's utility function. The parameter  s is a social rate of pure time preference which is the rate at which intra-period j social welfare is discounted in deriving our measure of social welfare. The parameter  s measures the social degree of aversion to variability in consumption at any given point in time. Both parameters  s and  s discount consumption occurring at different time periods, but  s discounts a given level of future consumption according to the distance of that consumption in the future, whereas  s discounts consumption at a given point in the future according to the size of that consumption.
Although they are analogous, the values of the social and private discount parameters need not be equal. For example, while it may be privately optimal for individuals to adopt a zero rate of pure time preference it may not be socially optimal, as an implication of the axioms in Koopmans (1960) . In particular, if  s =0, the consumption of generations near to the present would have negligible weightings in social welfare when H is large. The result would be that the future swamps the present in social importance. It could justify crushing the present generation to yield an infinitely small increase in the utility of each generation in the future.
Empirical application

Data and parameters
The demographic data consist of actual historical population levels, and projected future population levels, for each age group. These data are given in the following Australian Bureau was born. The household's rate of time preference, , is equal to r-βγ which is the rate that would, if both the tax rate and the parameter  t were constant, ensure that consumption grows at the long run rate of growth of output.
11
The capital elasticity of output, , is calibrated such that the initial capital to output ratio is equal to 3.0, the approximate actual value for Australia in 2005. The initial tax to GDP ratio is set equal to 0.3 the actual value for Australia in 2005.
The values of the elasticities,  and  , are set equal to 2 and 0.8, respectively, which are common values used in related studies in the literature, see for example Foertsch (2004) .
There is no assumption that the economy is in a steady state prior to the tax smoothing policy shock, nor that the economy converges to a steady state. Nevertheless, the properties of the OLG model lead to fairly well-behaved state variables. In particular, debt and the capital stock do not take extreme values at any point in the optimal path.
Simulations and results
The three paths of the tax rate illustrated in Figure 3 consist of the continually balanced budget case referred to above and two tax smoothing scenarios: a pure smoothing scenario in which the tax rate is constant, and a partial smoothing case in which the tax rate rises more steeply than in the balanced budget case but does not jump instantly to a constant rate as in the pure smoothing case. The partial smoothing scenario is an attempt to mimic the outcome of the Future Fund in which the income stream from the Fund allows the tax rate to be lower after 2020 then it would otherwise be. The partial smoothing scenario implies budget surpluses of around 1 percent of GDP for the next 20 years after which the surpluses decline to zero by about 2040. The pure smoothing scenario is a somewhat hypothetical case in which the tax rate immediately jumps by 3 percent of GDP generating budget surpluses that decline from 3 percent to zero by about 2040. Such a sudden jump in the tax rate would be politically infeasible and is not implied by the Future Fund. Nevertheless, it shown here as the limiting case.
The implications of these smoothing scenarios for government assets are shown in A key aim of the analysis is to determine whether households of different generations are better off or worse off under tax smoothing, and by how much. The most appropriate indicator for this purpose is household lifetime utility (10) because it takes account of optimal adjustments between leisure and goods consumption, and between consumption in one period relative to another. The effect on lifetime utility is calculated and expressed in units of equivalent annual income. This facilitates the sensitivity analysis reported below since comparisons in units of utility are not valid when parameters in the utility function are changed. The change in equivalent annual income is found by an iterative procedure that adjusts annual income for a household by a constant percent in each period, in the balance budget scenario, until the lifetime utility is the same value as that in the smoothing scenario. All current and retired workers will be worse off under tax smoothing. The magnitudes range from 0.5 percent to 1.9 percent in the pure smoothing case, and from 0.2 to 1.0 percent in the partial smoothing case. The greatest losses apply to the generations born around 1965-70 because they will pay higher tax rates throughout the high income earning years of their lives than they would have under balanced budgets. Figure 5 shows that the youngest workers, aged around 15-20, are least affected by tax smoothing because the higher taxes paid initially are offset by lower taxes later on. Future workers -those generations born after 1990 -are better off under tax smoothing, with the greatest gains accruing to generations born after 2025 (3.8 percent and 2.2 percent in the pure and partial smoothing cases, respectively).
These results are consistent with the diagrammatic analysis presented in Section 2, where it was suggested that middle aged workers would be worse off, young workers and retired workers would be less affected (retired workers would be a little worse off and young workers could be either a little worse or a little better off), and future workers would be unambiguously better off. Sensitivity to key parameters is discussed further below, but the essential outcome is that the results are qualitatively unaffected by a plausible range of parameter values.
The effect of tax smoothing on labour supply is shown in Figure 6 . The higher tax rate that applies for an initial period under tax smoothing causes a relatively sharp decrease in labour supply in the 2005 period, relative to the balanced budget case, which lessens over time and eventually becomes an increase in labour supply relative to the balanced budget case. This pattern can be explained as follows. The unanticipated shock causes an adjustment to lifecycle plans of all generations of workers. The adjustment occurs through both the income and substitution effect of higher taxes on their leisure/work choice. For middle age households the income effect is unambiguously negative (as illustrated in Figure 1b for the simple stylised model), which tends to lower demand for leisure and raise labour supply. But the substitution effect on leisure is positive, raising demand for leisure and lowering labour supply, and this effect slightly outweighs the negative income effect, resulting in a net decrease in labour supply for middle-age households. For young households, the negative income effect on leisure is not as strong (because they benefit from lower taxes later on) but the substitution effect is positive as for middle aged households. Therefore younger households also reduce their labour supply. The result is a relatively large drop in labour supply following the shock. As time goes on however, the gap between the smooth tax rate and the balanced budget rate narrows and eventually the smoothed rate becomes the lower of the two. This implies that the substitution effect on leisure switches to negative, raising labour supply. Offsetting this is the income effect on leisure which for newer generations becomes increasingly positive as they experience the benefits of the lower smoothed tax rate for a larger proportion of their lifetimes. Hence the ultimate increase in labour supply is not as great as the initial decrease in labour supply (see Figure 6 ).
Having identified the generations of winners and losers from tax smoothing we turn now to the social welfare function (25) in order to make a net social evaluation of tax smoothing which jointly takes account of efficiency and equity effects of tax smoothing.
Efficiency gains from tax smoothing arise from the reduction in distortions to both the labourleisure choice arising from taxation of labour income and to the intertemporal consumption allocation arising from the taxation of capital income. Intergenerational equity is accounted for indirectly, as noted in the previous section, through the parameters in (25) that weight future consumption. No attempt was made to isolate the relative contribution to the gains in social welfare from the reduction in the two distortions and from the intergenerational equity effects.
The results are reported in Table 2 
Sensitivity
A sensitivity analysis was conducted for some key parameters. The results are reported in Table 3 .
The rate of time preference was shown to be potentially important in the illustrative model of Section 2, at least for young workers. Table 3 reports results for a zero rate of time preference, compared with the base case value of 3 percent. The results partly support the intuition given in Section 2, in that young workers are better off the lower rate of time preference, but the effect is still slightly negative even for a zero rate of time preference. A similar effect occurs with a higher rate of interest, because workers are induced by the higher return on saving to postpone consumption -see the row in Table 3 for value of r of 4 percent which is one percent higher than the base case value of 3 percent.
None of the alternative parameter values alter the direction of the effect of tax smoothing on lifetime utility that was found for the base case parameter values. The effect for all current generations of workers, and retired workers, remains negative and the effect for future workers remains positive, for all alternative parameter values. The range of values in Table 3 is small. For existing workers the range is well within 1 percentage point and for future workers the range is 1.6 percentage points.
The final column in Table 3 reports the effect of alternative parameter values on social welfare as defined by (25) . In each case the values of the parameters in (25) have been held at their base case values -the sensitivity with respect to those parameters was reported in Table   2 . Again, the direction of the effect is unaltered by the alternative parameters chosen for the sensitivity analysis. That is, the effect on social welfare remains positive, ranging from 0.45 percent to 1.5 percent in terms of equivalent annual gains in GDP. Converted to dollars per capita as reported above for the base case, this range is equivalent to a range of $225 to $675, respectively, per annum per person.
Conclusion
This paper has analysed the welfare effects of tax smoothing, both in terms of the welfare of successive generations of representative households and in terms of social welfare. It was motivated by the decision of the Australian Government to establish the Future Fund into which budget surpluses will be deposited during an accumulation phase which is anticipated to continue until around 2020. The paper was also motivated by a lack of evidence in the literature about the implications of tax smoothing for intergenerational equity taking account of general equilibrium effects.
The simulation analysis reveals differential generational effects of tax smoothing compared with continual balanced budgets. For all of the parameter values that were simulated, current generations of workers are worse off in terms of lifetime utility, but by magnitudes that may be considered small. The magnitudes in the partial smoothing simulation (which mimics the effect of the Future Fund) are in the order of -0.2 percent for retired workers, -1 percent for middle aged workers, and -0.6 percent for young workers, where these numbers measure the effect on lifetime utility in terms of equivalent annual income. Future workers are better off and by larger magnitudes, in the range of 2 to 3 percent in terms of equivalent annual income.
A social evaluation of these gains and losses requires value judgements about appropriate discount weights and about the degree of aversion to inequality over time. These value judgements are embodied in the social welfare function. It turns out that tax smoothing increases social welfare under a range of values for the social welfare parameters and other parameters in the model. The implication is that the lifetime utility gains to future generations outweigh the losses to current generations in terms of social welfare. The magnitudes of the increases in social welfare for partial smoothing case are in the order of 1 percent, plus or minus 0.5 percent. A figure of 1 percent converts to around $500 of additional GDP per person per annum.
A more complete social evaluation of the Future Fund would encompass political economy issues. One such issue is the risk that the Fund may be raided for political purposes;
and/or that there may be political interference in the investments undertaken by the Fund. The extent to which this can be prevented through legislation is not clear a priori. A related political issue is the effect that a significant income stream generated by the Fund might have on discipline to control government spending. There are also the governance and management costs of the Fund to be considered. Future work could attempt to incorporate these political economy effects along with the conventional economic mechanisms captured in the CGE model applied here. Another avenue for future work would be to try to separate out the social welfare gains arising from reductions in distortions to labour supply from those arising from reductions in distortions to intertemporal consumption -a separation of these effects was not considered in this paper.
Young workers are relatively unaffected by tax smoothing. They are slightly better off with a lower rate of time preference (U 1 , U 2 ), and slightly worse off with a higher rate of time pref (U 3 , U 4 ). Middle aged workers are worse off, because they will retired by the time that tax rates become lower than they would have been under a balanced budget. Middle aged workers are worse off, because they will retired by the time that tax rates become lower than they would have been under a balanced budget. The future worker is unambiguously better off, because they pay tax rates throughout their working lives that are lower than they would have been had tax smoothing not been implemented. The future worker is unambiguously better off, because they pay tax rates throughout their working lives that are lower than they would have been had tax smoothing not been implemented. 
